ABSTRACT Genetic selection within commercial broiler lines continues to generate improvements in BW, feed conversion, and breast meat yield. The objective of the current experiment was to compare carcass and reproductive characteristics of broiler breeder pullets from 2 dam lines that produce heavy broilers with increased breast yield (A and B) with pullets from a commercial line that does not have the extremes in breast yield (C). Restricted-fed BW were similar at all ages of the experiment in the 3 genotypes. All pullets were photostimulated at 23 wk of age, and carcass and reproductive tract measurements were made at 27 wk of age. There were no differences in BW among the lines at 27 wk of age, but the weights of the pectoralis major and minor breast muscles were heavier in lines A and B compared with line C (P
INTRODUCTION
Within the commercial broiler industry, selection has been successfully used to increase highly heritable traits such as BW and breast muscle yield. Within commercial genotypes, there is sufficient variability to allow for continued genetic improvements in BW, conformation and yield, and feed utilization, although these improvements in growth-related traits may be accompanied by a correlated genetic decline in the reproductive potential of parental lines (Reddy 1994; Goerzen et al., 1996; Barbato, 1999) . Siegel and Dunnington (1985) noted that selection for increased BW was negatively correlated with the onset of sexual maturity and fertility. In turkeys, it has been shown that selection for increased egg production results in decreased mature BW , whereas genetic increases in BW have the opposite effect, a decline in egg production (Nestor, 1980 To whom correspondence should be addressed: Lilburn.1@osu .edu.
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< 0.001). The weight of the abdominal fad pad, however, was heavier in line C (P < 0.04). There was no difference in total drum weight or total thigh weight among lines A, B, or C. Tibia length and tibia width were similar in lines A and C, and the measurements were larger in these lines than in line B (P < 0.02). Femur length was longer (P < 0.001) in line C than in lines A and B, whereas femur width was greater in line C than in line A (P < 0.001) but similar to line B (P < 0.001). Oviduct weight was greater in line C compared with lines A and B (P < 0.004), but there were no differences in total ovarian weight, follicle number, or follicle weight. The information gathered in the present experiment suggested that line C may prove to be useful for reproductive comparisons with commercial lines exhibiting significant differences in carcass traits.
(1993) reported that although maximal BW of turkeys is reached shortly after the onset of egg production, the weight of the oviduct at the onset of production is greater in turkey lines selected for increased egg production (E line) compared with those selected for increased BW at 16 wk of age (F line).
The expression of genetic differences in reproductive development can often be manipulated by nongenetic factors such as lighting programs, plane of nutrition, or pattern of feed restriction in the case of broiler breeder hens (Yu et al., 1990; Robinson et al., 1998a, b; Bruggeman et al., 1999) . These would all fall under the category of environmental effects, and it is important to remember that data in the literature are often generated under very different conditions than what are encountered under commercial production. Differences between phenotypes of chickens are due to genotype, environment, and genotype-by-environment interactions (Havenstein, et al., 1994a (Havenstein, et al., ,b, 2003a . In addition, the genetic traits associated with the onset of lay may be different than the traits controlling egg production over a prolonged period. Soller et al. (1984) investigated the minimum weight for the onset of sexual maturity in chickens and estimated heritabilities of 0.34 and 0.84 for minimum weight at sexual maturity for the chicken populations they studied. Means within columns with no common superscript differ (P < 0.05).
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Data are expressed as least squares means ± standard error.
2
Lines A and B were commercial broilers with high breast meat yield; C was a commercial line with less breast meat yield. Oruwari and Brody (1988) concluded that the interaction between chronological age, BW, and body composition at the onset of sexual maturity are inseparable. Other researchers have hypothesized that multiple thresholds including minimum chronological age, BW, and body composition influence the onset of sexual maturity in females (Zelenka et al. 1984) . Other studies also support the concept that age, BW, and body composition are all involved in the process of sexual maturation (Soller et al., 1984) .
Within the broiler breeder segment of the broiler industry, BW targets for breeders on restricted feeding have not changed dramatically in 20 yr nor have the expected results in terms of total fertile eggs per hen and hatched chicks (Hubbard Farms, 1982 , 2002 . This emphasizes the importance of the aforementioned environment by genetic interactions, especially given the magnitude of the genetic changes in broiler growth and carcass development that have occurred over this same period. Within the industry today, there is considerable discussion and the perception, yet minimal data, relative to the physiologic relationships underlying sexual maturation of broiler breeder hens. Contributing to the confusion is the variability in conformation and selection pressures that exists among commercial strains and the experimental conditions under which data are collected. The objective of the present experiment was to study carcass and reproductive characteristics in different lines of commercial breeder pullets, 2 of which represent broiler breeders used for production of heavy broilers with high breast muscle yield (lines A and B) and a commercial broiler line (line C) that has considerably less breast yield than lines A and B.
MATERIALS AND METHODS
Broiler breeder grandparent eggs were obtained from the breeder for lines A, B, and C. Lines A and B were Means within columns with no common superscript differ (P < 0.001).
1 Data are expressed as least squares means ± standard error.
2 Lines A and B were commercial broilers with high breast meat yield; C was a commercial line with less breast meat yield.
dam lines commercially used for the production of heavy broilers with increased breast yield to serve the boneless breast meat market. Line C was a commercial broiler line sold live into ethnic markets in New York and Philadelphia and did not show the extreme breast yield evident in lines A and B.
Chicks from lines A, B, and C were hatched, sexed, and wing-banded at the Poultry Research Facility at the Ohio Agricultural Research and Development Center, Wooster, OH. They were initially reared in heated battery brooders through 14 d of age, when they were randomly assigned by line to floor pens. There were 13 to 15 pullets in each floor pen during the growing phase and 4 or 5 replicate pens per line.
All chicks were fed a standard broiler breeder starter diet from 0 to 21 d (19% CP) and a 15% CP grower diet from 3 to 23 wk. The details of these diets have been reported by Yaissle and Lilburn (1998) . All lines were placed on feed restriction beginning at 2 wk of age. The birds in each pen were group weighed weekly and individually weighed every 4 wk. The feed restriction program and lighting schedule were similar to commercial programs used within the commercial broiler breeder industry (Hubbard Farms, 2002) . The photoperiod during the experiment was as follows: 0 to 3 d, 24L:0D; 4 to 7 d, 20L:4D; 7 to 10 d, 16L:8D; 11 to 14 d, 12L:12D; and 14 d to 23 wk, 8L:16D. At 23 wk of age, the photoperiod was increased to 16L:8D. To evaluate genotypic differences in sexual maturation and minimize confounding effects due to differences in early egg production, all hens were sampled for carcass and reproductive measures at 27 wk of age, 4 wk post photostimulation. At 27 wk of age, 50 (line A), 50 (line B), and 40 (line C) pullets were euthanized by cervical dislocation and evaluated for sexual maturation. The following weight measurements were recorded in grams: BW, abdominal fat, pectoralis major, pectoralis minor, total drum, total thigh, oviduct, total ovary, and large yellow follicles. The total thigh represents the weights of the femur and all associated muscles and the total drum represents the weights of the tibia and all associated muscles. After being weighed, the thigh and drum were frozen and then subsequently thawed and boiled to remove soft tissues. The lengths of the femur and tibia were measured individually, and the width of each bone was measured at 50% of the length. After removal and weighing of the entire ovary, large yellow follicles in rapid development (follicles > 10 mm in size) were dissected from the intact ovary and weighed. The number of follicles greater than 10 mm was also recorded. The criterion for birds to be considered sexually mature was the presence of a postovulatory follicle on the ovary at the time of sampling.
Statistical analysis of the data was conducted using the PROC general linear model procedure of SAS software (SAS Institute, 2000) . Reproductive measures and growth patterns were analyzed between and within all lines. All data are reported as the least squares means ± standard error. Values were considered statistically significant at P < 0.05. Means within columns with no common superscript differ (P < 0.05).
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Measured at 50% of the length.
RESULTS
At 27 wk, 28, 17, and 37 hens from lines A, B and C, respectively, had ovulated and were used for the analysis of sexual maturation traits. These numbers represented 64, 55, and 73% of hens from lines A, B and C, respectively.
The BW curves of all pullets under feed restriction are shown in Figure 1 . The growth curve for each line is expressed as the line average of absolute weekly BW. Pullets from lines B and C were slightly heavier than those from line A through 12 wk (P < 0.05); after which there were no significant differences among the lines.
Carcass characteristics at 27 wk of age are summarized in Table 1 . Body weights were similar among lines, and there were slight differences among lines in abdominal fat and thigh weights (P < 0.05). The mean weights of the total pectoralis major and total pectoralis minor at 27 wk were heavier in lines A and B compared with those in line C (P < 0.001; Table 2 ).
Differences in skeletal measures are summarized in Table 3 . The length of the tibia was greater in line C than in line B (P < 0.05) but not significantly different from line A. Femur length was significantly longer in line C than in line A or B (P < 0.001). The width of the tibia in line C was greater than in line B (P < 0.05) but similar to that in line A, whereas the width of the femur was greater in line C than in line A (P < 0.01) and similar to line B.
Differences in reproductive measurements are summarized in Table 4 . Liver weight was significantly different (P < 0.01) with line B being greater than line A but not different from line C. Oviduct weight was heavier in line C than in lines A and B (P < 0.004). Ovary weight, follicle number, and follicle weight were not different among lines.
DISCUSSION
Within the breeder industry, the relative conformation of pullets or the extent of breast muscle "fleshing" in relation to skeletal growth as assessed by physical handling have been used by industry personnel to gauge a breeder pullet rearing program in relation to the onset of sexual maturation. This practice has been supported by studies (Zelenka et al., 1986 ) that suggested carcass lean tissue, in particular breast muscle accretion, is a threshold trait needed for the onset of egg production. In the current experiment, line C pullets had small but significant in- Means within columns with no common superscript differ (P < 0.01).
1
2 Lines A and B were commercial broilers with high breast meat yield; C was a commercial line with less breast meat yield. creases in several skeletal measurements (increased frame size) compared with line A but not line B and significantly less breast muscle development when compared with lines A and B, which was similar to what was reported for males from these lines (Reddish and Lilburn, 2004) . These results suggested that feed restriction and its associated effects on BW and carcass development had a greater influence over sexual development than the genetic differences in carcass composition. In the current study, pullets were photostimulated at 23 wk because Joseph et al. (2002) reported that photostimulation at 23 vs. 20 wk resulted in a more uniform reproductive response, and the objective of the current study was to maximize genetic differences, if any, and avoid genotype-by-environment interactions.
With respect to abdominal fat, line C had more abdominal fat compared with line A (a higher breast yield line), but the difference was not as significant between lines C and B. As previously stated with respect to the differences in breast muscle, it does not appear that genetic differences in abdominal fat will have major effects on sexual maturation of commercial broiler breeders on restriction feeding. This conclusion supports the observations of Renema et al. (1999) who reported that among breeders from different BW classes created through varying restriction treatments, there are no differences in the quantities of absolute or relative abdominal fat. Zelenka et al. (1987) had reported earlier inconsistent differences in abdominal fat among pullets from 7 different experimental populations.
With respect to those traits specific to reproductive development, the only significant differences were in oviduct weight, which was significantly heavier in line C hens than in lines A and B. It could be speculated that because of the smaller breast muscle mass in line C, a greater proportion of dietary protein intake could be diverted to other high protein tissues such as the oviduct. Within each line, there were no significant correlations between any measured carcass traits and ovarian traits (data not shown). It can be concluded, therefore, that within different genotypes of commercial lines exhibiting extremes in breast yield, definitive relationships involving BW at sexual maturity, gross carcass measurements, and reproductive development are not readily apparent.
